A DNA fragment containing the trpEGC gene cluster was isolated from the thermoacidophilic archaebacterium Sulfolobus solfataricus. The products of trpE, trpG, and trpC from S. solfataricus were compared to the homologous products from a eukaryote, a eubacterium, and two archaebacteria, namely, a methanogen and an extreme halophile. They appeared to be equally related to the proteins from Escherichia coli and Saccharomyces cerevisiae, the percentages of conserved amino acids being roughly the same as those measured when comparing the eubacterial and eukaryotic sequences directly. These percentages did not rise significantly when a comparison with the proteins from Haloferax volcanii was drawn, while a slightly closer relationship with the proteins from Methanococcus thermoautotrophicum was found.
The genes for tryptophan biosynthesis can be usefully studied to draw relationships between microorganisms, as a iarge number of homologs has already been characterized in both eubacteria and eukaryotes (2) . Very recently, the genes corresponding to all of the activities of the tryptophanbiosynthetic pathway in Methanobacterium thermoautotrophicum and Haloferax volcanii have been isolated and sequenced (8, 9, 11) . According to Woese et al. (19) , these microorganisms belong to the archaebacterial lineage, which includes methanogens, extreme halophiles, sulfate-reducing species, and the genera Thermococcus, Pyrococcus, and Thermoplasma. No genes for tryptophan biosynthesis have been isolated from microorganisms belonging to the second archaebacterial lineage proposed by Woese et al. (19) , that is, from thermoacidophiles.
Although acquisition of new sequence data is severely limited by the scarcity of methods for genetic manipulation of archaebacteria, molecular cloning of genes that encode extremely thermophilic enzymes from the thermoacidophilic archaebacterium Sulfolobus solfataricus has been successfully carried out (3, 4, 10, 17) . For instance, the gene for aspartate aminotransferase (AspAT; EC 2.6.1.1) was isolated from a genomic library of S. solfataricus constructed in EMBL3 (4) by using a specific oligonucleotide. Since the gene of interest was contained in a recombinant bacteriophage, lambda G22, whose insert spanned a rather broad genomic region (14 kbp), it seemed useful to extend the analysis beyond the limits of the AspAT gene. For this purpose, subclones were generated in pEMBL18 (5) from lambda G22 and sequenced (6) . The sequence of the region preceding the AspAT gene (about 2,900 bp; Fig. 1 (EC 4.1.1.48). Recently, the three-dimensional structure of indole glycerol phosphate synthase from Escherichia coli has been solved and its primary structure has been aligned with those of homologous enzymes from many sources (14) . The enzyme from E. coli is characterized by a n-barrel structure, and its active site consists of residues dispersed in the primary structure but mostly located at the carboxyl end of ,3 strands. Taking together crystallographic data and amino acid sequence alignments, Priestle et al. (14) identified 16 residues that contribute to the active site of the enzyme from E. coli and are invariant in eukaryotes and eubacterial indole glycerol phosphate synthases. These residues, indicated by boxes in Fig. 1 (1) . Two stretches of amino acids necessary for inhibition by tryptophan and six residues necessary for the activity were identified in the amino-and carboxyterminal domains, respectively. In the sequence of anthranilate synthase component I from S. solfataricus, the regulatory regions Leu-Leu-Glu-Ser (positions 28 to 31) and Asn-Pro-Ser-Pro-Tyr-Met-Phe (positions 205 to 301) and residues involved in catalysis are conserved (Fig. 1 ).
An invariant cysteine residue has been identified by comparing many homologous eukaryotic and eubacterial anthranilate synthase components II (12) . This cysteine plays an important role in the binding of glutamine, and it is nested in a stretch of conserved amino acids which should also contribute to the active site of the enzyme (18 
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2521 TGAGAAAGATAGCCAGTTCAOTTTCAATTcCCATACTAATCAAGGATTTTATCGTTAAGGAATCGCAAATTGATGATGCATATAACCTAGGTGCTCATACTGTATTGCTAATAGTCAAAA It has been stated that cysteines are underrepresented in the proteins from S. solfataricus (4) , and this property might contribute to their stability against irreversible thermal denaturation. In trpC, there are no codons for cysteines while in trpG there is only one TGT codon which is the triplet for the invariant residue Cys-84. On the other hand, in the product of trpE, three cysteines are found in positions which are not invariant. It will be interesting to study the stability of anthranilate synthase component I in S. solfataricus. Should the half-life of this enzyme turn out to be considerably lower than that of other enzymes from the same thermoacidophilic archaebacterium, a possible implication in the regulation of the tryptophan-biosynthetic pathway might be envisaged.
The GenBank and NBRF data bases were searched for homologies with the open reading frame that precedes trpE in S. solfataricus. This open reading frame was not completely sequenced, and only the 132-amino-acid carboxyterminal portion of its putative protein product was analyzed. A direct comparison with trpA, trpB, trpD, trpF, and their products from E. coli and M. thermoautotrophicum was also attempted, but no significant sequence similarity was recorded. Although this hypothesis has to be proved by positioning the other genes of the tryptophan-biosynthetic pathway, it can be proposed that the three very closely associated genes trpE, trpG, and trpC represent an isolated cluster in S. solfataricus. The organization of such a cluster is unusual and has little in common not only with the eukaryotic and eubacterial arrangements observed to date but also with the clusters observed in two archaebacteria, H. volcanii (trpDFEG and trpCBA) (8) not very different from those measured when comparing the enzymes from H. volcandi and M. thermoautotrophicum directly (trpE, 36.5%; trpG, 39%; trpC, 33.5%). Although different results may be obtained by using other macromolecules as chronometers of evolution, the analysis of the genes for tryptophan biosynthesis suggests that deep differences exist not only between archaebacteria, eubacteria, and eukaryotes but also among archaebacteria.
We hope that the sequence data presented here and concerning the trpEGC gene cluster in S. solfataricus may be usefully employed to clarify the controversial relationships between eubacteria, eukaryotes, and archaebacteria (16, 19) . The species in this last kingdom occupy a pivotal place in the phylogenetic tree which groups all living organisms, and their correct positioning is essential for tracing the ancestor of eukaryotes (7) .
Nucleotide sequence accession number. The sequence described in this report will appear in the EMBL data base under accession number M98048.
